Objective: To evaluate a biodegradable cervical plate and screw system by 3D modeling and finite element analysis. Methods: The authors are developing a biodegradable cervical plate and screw system using poly-L-lactic acid (PLLA). A computational model was evaluated before experimenting it into humans. The system was fabricated using 3D modeling and analyzed with finite element analysis using a commercially available software (Abaqus 6.4, Simulia, USA). Compression and bending tests were performed by applying a force of 100 N to the screw to analyze the applied von Mises stress. The screw and plate were combined, and a force of 100 N was applied to the screw to analyze the von Mises stress on the screw and plate. Results: When a bending force of 100 N was applied to the distal 1/3 part of the screw, widening of the head and anchor of the screw, bending of approximately 20°, and concentration of von Mises stress at the pin were observed. These phenomena indicate the possibility of head and anchor fractures when severe loading is applied. When a compressive force of 100 N was applied to the screw in the plate and screw combined model, concentration of von Mises stress at the blocking parts of the plate. The phenomenon indicate the possibility of plate fracture when severe loading is applied. Conclusion: Because biodegradable material is weak, biomechanical weakness may result in breakage of a system. According to our research, two parts of screw should be combine into one and the plate design also be modified without weak points.
INTRODUCTION
The finite element method is widely used to observe biomechanical changes after implantation of spinal implants 14) . In case of a cadaver esperiment, it is difficult to repeat the exactly same experiment and more cadavers are required. However, for finite element analysis, it is possible to produce several surgical models with one finite element model 10) . In addition, we can perform comparative experiments under the exactly same condition, unlike in cadaveric studies. It is also easy to measure joint contact force or stress applied to the ligament, which is difficult to measure when the experiment is carried out with a cadaver. The analysis results can be reliable when the finite element model is verified against the cadaveric study 6, 11) . Anterior cervical discectomy and fusion is a common technique that has been used for decades to treat degenerative cervical disease since it has a high fixation force and can preserve the original disc height and maintain spine stability 1, 15) . However, the thickness of the plate used may lead to problems such as foreign body sensation and dysphagia after surgery, side effects of titanium allergic reaction, and image distortion in MRI 12, 13) . Therefore, biodegradable cervical plates and screws that will disintegrate after use seem necessary 4, 5, 9) . The purpose of this study was to analyze the biomechanical properties of a biodegradable cervical plate and screw system using finite element analysis and to ascertain its safety and effectiveness before use in the human body.
MATERIALS AND METHODS

Creating 3D Models
The screw and plate were produced using 3D modeling software. The plate was 22 mm long, 16 mm wide, and 2 mm thick, and the screw length was 16 mm. The plate and screw are manufactured in various sizes, but this finite element analysis involved a 22-mm long plate and a 16-mm long screw, which are commonly used clinically. The screw consists of a head, an anchor, and two pins connecting them. The head is made of biodegradable material, and the pin and anchor are made of titanium. The head of the screw is rotatable about the axis of the anchor, which is locked by inserting the screw into the hole of the plate and turning the head. 
Finite Element Model
A 3D linear FE model of the cervical plate and screw system was developed. Abaqus (Dassault System, Paris, France) was used to simulate surgical scenarios with the spine model. The 3D model was loaded into the STEP format by Abaqus, the finite element analysis software. The FE model consisted of 4 cervical screws and 1 cervical plate (Fig. 1&2) . The screws and plate were made of tetrahedral elements. Facet contact surface and endplates were made of hexahedral elements with 1 mm thickness. Surface-to-surface contact was used to simulated the interaction between the contacting surfaces of facet joints. Then, 3 models were analyzed: (1) screw-only model, (2) 1/4-sized model with one hole and screw, and (3) 1/2-sized model with two holes and screws. Model 2 was a preliminary experiment conducted to capture the proper condition of Model 3. The properties of all elements were assigned as previous literatures. Linear elasticity was applied to all elements. Titanium was alloy-dependent, but young modulus was 100,000 MPa Poisson ratio was 0.30. The young modulus of PLLA was 4,000 MPa and the Poisson ratio is 0.3 (Table 1) 8)
. 
Finite Element Analysis of the Screw Model
In the screw only model, the upper surface of the screw head was completely fixed in all directions. To the reference point in a stepwise manner. To reach the target moment, the 10 load steps were applied. The range of motion calculated at the endpoint of the loading cycle was analyzed. To confirm the rigidity of the screw and check the specific occurrence when a load is applied, finite element analysis was performed. An integral type titanium screw with only titanium parts or a biodegradable screw with only biodegradable parts has a von Mises stress concentration at the portion between screw head and thread when a bending force is applied. However, the present screw can move the head and anchor parts separately, and the two parts have different properties.
Finite Element Analysis of the Screw and Plate Model
The screw and plate were combined as intended for 3D modeling. The position constraint option of the assembly module was used to combine them. For the convenience of convergence, a tie constraint was applied to the contact surface of the pin, head, and anchor in the coupled model. In order to simulate loading after cervical anterior fusion, a force was applied to displace the entire portion of the head and anchor portion of the screw to 1 mm below the bone. To establish the simulation conditions, a simpler model, the 1/4 model, was constructed and the finite element analysis was performed. In the 1/4 model, the von Mises stress concentration was observed on the plate hole. To confirm this in the actual model, the 1/2 model was prepared and an encastre condition was applied to the boundary at the lower half of the plate.
RESULTS
Finite Element Analysis of Screw
When an axial compression of 100 N was applied to the tip of the screw, there was no specific motion and the von Mises stress was evenly distributed (Fig. 3A) . However, when a bending force of 100 N was applied to the distal 1/3 point of the screw, widening of the screw head and anchor, bending of approximately 20°, and concentration of von Mises stress at the pin were observed (Fig. 3B) . These phenomena strongly indicate the possibility of head and anchor fractures when severe loading is applied. In practice, however, the possibility that the entire portion of the head and anchor of the screw will be subjected to an equal force is rare, so the experimental conditions were considered to represent very severe conditions.
Finite Element Analysis of Screw and Plate Model
To establish the simulation conditions, a simpler model, the 1/4 model, was constructed and the finite element analysis was performed. In the 1/4 model, the von Mises stress concentration was observed on the plate hole (Fig. 4) . To confirm this in the actual model, the 1/2 model was prepared and an encastre condition was applied to the boundary at the lower half of the plate. Final finite element analysis model. Analyze the von Mises stress by moving the screw vertically by 1 mm. Concentration of von Mises stress was observed on the plate portion of the plate which blocks the screw head (Fig. 5) . In the final finite element analysis model, we observed von Mises stress concentration on the small plate portion of the plate which prevented the screw from pulling out. This means that plate fracture may occur, so it may be necessary to manipulate the plate to prevent fracture.
DISCUSSION
Rigid metal plate implants have been associated with a number of potential complications and disadvantages 7) . The efforts to replace bioabsorbable plates to overcome these complications and disadvantages are continuing. We made a biodegradable screw and plate system using 3D modeling software and examined changes in screw and plate when excessive force was applied. As a result of the study, Concentration of von Mises stress was observed on the plate portion of the plate which blocks the screw head and von Mises stress concentration on the small plate portion of the plate which prevented the screw from pulling out. As shown in the finite element analysis above, a break of the head and anchor of the screw can occur when improper force is applied to the screw. When excessive force is applied to the screw in the plate, stress may be concentrated at the portion where the plate and screw head come into contact and fracture may occur.
The results of this study showed that biodegradable cervical plate and screw systems may have mechanical problems if not properly designed. Previous studies have shown possible complications of the biodegradable system. Brkaric M et al. reported Cracks radiating from and in some cases connecting fatigue striations were clearly visible on the fracture surfaces. Crack initiation began at the sharp interface between the thread and shaft of the screws where the greatest stress concentration is expected to occur 3) . Lebl DR et al. reported that biodegradable cervical plate and screw systems was associated with a high rate of graft extrusion and early loss of intersegmental cervical alignment 9) . Because of these propertis of biodegradable systems, it tends to favor metal system, but biodegradable systems is expanding gradually. In Tomasino's study, bio-graft subsidence and deformity rates may be higher than those associated with metal implants. But the fusion rate and outcome are comparable to the results achieved with metallic plates. And then safe and carry a low risk of complications. So authors were satisfied with the use of bioabsorbable plates as a reasonable alternative to metal system 16) . Aryan HE et al. reported that numerous sources have demonstrated fusion rates in excess of 90% with internal fixation of single-level ACDFs with metallic plates and screws 2) . Therefore, proper mold design is needed to increase the strength, and FE analysis is useful to do it.
There were limitations to our analysis. First, the disadvantages of the finite element analysis model in comparison with in vivo models were not assessed. Second, there was no titanium fixation-based control model. Third, the loading after the actual cervical anterior fusion was limited to a 1-mm displacement. However, the plates and screws produced through this modeling seem to have practical use.
CONCLUSION
Screw head and anchor breaks occur when excessive force is applied to the screw. When excessive force is applied to the screw in the plate, stress may be concentrated at the portion where the plate and the head of the screw come into contact and fracture may occur. Therefore, it is necessary to partially strengthen the relatively weak biodegradable materials before use.
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